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EXPERIMENTAL INVESTIGATION OF BOUNDARY LAYERS IN AN
AXISYMMETRIC, MACH 2.5, MIXED-COMPRESSION INLET

by Warren R. Hingst and David F. Johnson
bLewis Reséarch Center
SUMMARY

An experimental investigation has been made of the boundary-layer flow in a
supersohic axisymmetric inlet. The inlet was desig‘ned for Mach 2.5 and had
a 60 percent internal supersonic area contraction. Porous bleed regions were in-
cdrpbrated into both:the cowl and centerbody for boundary-layer control. Five
bleed configurations were studied; these included bleed regions upstream of, across
from, and downstream of the experimentally determihed shock—impingement points.
The tests were conducted at tunnel unit Reynolds numbers of 8.2x106 and 2.7x106
per meter. | ' | '

Static pressure measurements were made along the internal inlet surfaces. In
addition to locating the position of the shocks, these measurements also showed local
regions of expansion resulting from the suction bleed. Boundary-layer profiles were
measured with translatihg pitot pressure p'robes located on both sides of the shock-
impingément points on the cowl and centerbody. These measurements showed that

the boundary-layer profiles were distorted in the vicinity of the terminal shock.

INTRODUCTION

To accurately predict supersonic ihlet performance, an understanding of both
the qualitative and quantative behavior of the boundary-layer flow is essential. In
addition to the ability to determire boundary-layer grdwth, a knowledge of the F
specialized problems of shock - boundary-layer interactidn and boundary layer bleed
are also necessary. In a supersonic inlet a bleed system is used to avbid excessive
boundary-layer growth and/or flow separatidh, which would result in loss of pres- .
sure recovery and increased flow distortion. Although bdundary—layef bleed

improves inlet performance, a drag is associated with the bleed, ma}king it desirable



to use the minimum amount of bleed. The optimization technique, therefore, involves
the balancing of the improved inlet performance against the loss associated with the
bleed drag.

An extensive bleed optimization investigation was performed on an axisymmetric
Nmixed—compressibn inlet as reported in reference 1. The purpose of that investiga-
tion was to evaluate several bleed locations and bleed flow rates to determine their
effects on inlet performance. In addition, other investigations have been made of
shock - boundary-layer interactions on flat plates and tunnel walls. These include
tests without bleed as reported in references 2 and 3 and with bleed as in refer-
ences 4 and 5.

The present investigation is a boundary-layer study of the same axisymmetric
mixed-compression inlet reported on in reference 1. The objective in this study is
to determine the boundary-layer flow in an actual inlet flow environment with suf-
ficient detail to aid in the development of analytical methods. These boundary-layer
measurements combined with the bleed optimization results of reference 1 could
prove useful in establishing bleed criteria.

The inlet-bleed configurations used for this investigation were selected from
reference 1. The tests were conducted in the Lewis 10 by 10 Foot Supersonic Wind

6 and 2.7x10° per

Tunnel at Mach 2.498 and two unit Reynolds numbers of 8.2x10
meter. Pitot pressure surveys of the boundary layer flows were made upstream and
downstream of the shock-boundary layer interactions. Static pressures were meas-
ured along the cowl and centerbody surfaces. In addition, the bleed flow rates were
recorded for both the cowl and centerbody bleed systems. Measurements were made

in English units and converted to SI units for this report.

SYMBOLS
M Mach number
m, /m o ratio of bleed to capture mass flow
P total pressure
P static pressure
Rc inlet capture radius, 0.2366 m
Re Reynolds number
r radius

total temperature



t temperature

X axial distance from spike tip

y distance normal to inlet surface

o angular location

Subscripts: .
b bleed

e boundary-layer edge .
0 free stream

P plenum

w wall

APPARATUS AND PROCEDURE

An axisymmetric mixed-compression inlet designed for Mach 2.50 was used in
this investigation. At the design Mach number, 40 percent of the supersonic flow
area contraction was external and 60 percent was internal. The inlet had a capture
area of 0.1758 square meter and was attached to a cylindrical nacelle 0.635 meter
in diameter. The inlet was installed to a cold-pipe choked-exit plug assembly.
Figure 1 is a photograph of the inlet-nacelle combination mounted in the wind tunnel
test section.

Details of the inlet design are shown in table I and figures 2 and 3. External
compression was accomplished with a 12.5° half-angle cone, which remained conical
to the internal inlet station x/ Rc of 2.88. At the design Mach number of 2.5 the
oblique shock generated by the cone passed immediately ahead of the cowl lip. The
initial internal cowl lip angle was 0°. This produced an internal shock, which re-
flected from the centerbody and the cowl before reaching the throat region of the
inlet in the vicinity of its second centerbody reflection. The inlet was designed to
include additional isentropic compression. Theoretical shock impingement points
computed by the inviscid method of reference 6 were at x/Rc of 2.88 and 3.475 on the
centerbody and 3.25 on the cowl. The geometric throat, which was 5.75 centimeters -
across the annulus, was located at X/Rc of 3.475 on the centerbody, where the theo-
retical average supersonic Mach number was 1.239. Table I gives the inlet contour
in equation form, and figure 2 shows the predicted Mach number and the ratio of
local to free-stream static pressure on the cowl and centerbody surfaces.

Additional details of the inlet design are shown in figure 3. The centerbody was



supported by three equally spaced struts that provided ducting for the bleed flow.
The inlet also contained two bypass systems. However, during this investigation
the systems were not used. Figure 3(a) also shows the actuating mechanisms for
translating the centerbody that were used to facilitate an inlet start. The total length
of the inlet from the cone tip to compressor face was 7.72 cowl lip radii.

To control the shock - boundary-layer interaction, the inlet design included four
porous bleed regions (shown in figs. 3(b) and (¢)). The bleed holes were normal
to the inlet surface and were 0.3175 centimeter in diameter. The holes were equally
spaced around the circumference with alternate rows staggered to provide a more
uniform spatial distribution of open area. The maximum distance between hole
centers for the forward bleed regions was 0.4763 centimeter. The forward cowl bleed
region, located between x/ Rc of 3.12 and 3.32, contained 12 rows of bleed holes;
the forward centerbody bleed region, located between x/ R_c of 3.31 and 3.45, con-
tained eight rows. These regions corresponded with the cowl and second center-
body shock impingement points. Aft bleed regions were located in the inlet throat
and consisted of four rows on the cowl and five rows on the centerbody. The loca-
tion, the pattern and the amount of the bleed could be determined by selectively
filling bleed holes. The bleed-hole arrangements and their location are shown
schematically in figure 3(c) along with the theoretical and experimental shock loca-
tions.

The bleed configurations shown in figure 4 are the same as those of reference 1
and were formed by filling selected rows of holes. In relation to the shock impinge-
ment points, the bleed arrangement designated US was upstream, AS was across
the shock, and those with the DS prefix were downstream. The forward and aft
cowl bleeds were ducted separately and discharged overboard as shown in fig-
ure 3(b). The centerbody bleed flows were combined into a single plenum and ducted
through the centerbody support struts to exits on the cylindrical portion of the
nacelle. Cowl bleed flows were determined by measuring static and total pressures
at a known flow exit area. The centerbody bleed flow was measured in the center-
7L‘)ody cavity using a similar technique.

Surface static pressures were measured along the internal inlet surface. The
region where static pressure measurements were made extended from x/Pc of
2.817 to 3.743 on the cowl and from X/Rc of 2.738 to 3.755 on the centerbody. The

locations of the individual pressure taps are given in table II. The pressure taps



that were located in the bleed regions are noted in the table.

Boundary-layer properties were measured by using a series of seven trans-
lating pitot pressure probes. These probes were located upstream and downstream
of the shock-impingement points on both the cowl and centerbody and were capable
of traversing the boundary layer in a series of predetermined steps. The boundary-
layer probe locations are shown schematically in figure 5(a). The details and di- ‘
mensions of the probe tip are shown in figure 5(b). Where bleed regions were |
associated with the shock impingements, the boundary-layer probes were located
outside the immediate bleed regions. The static pressure was measured at each probe
location with two surface static taps and was assumed to be uniform across the
boundary layer. The probe position was corrected for shear using the technique of
reference 7, which for turbulent flow compensates for the displacement of the
effective center from the geometric center towards the region of higher velocity. The
inlet wall temperature was recorded at each probe location. Figure 5(c) is a photo-

graph showing the boundary layer probes installed in the inlet.

RESULTS AND DISCUSSION

The results of the investigation are presented as a study of boundary-layer
phenomena with shock interaction and bleed; that is, the overall performance of the
inlet will not be discussed, since reference 1 presents these results for the inlet
under very similar test conditions. Therefore, the data presented here will consist
of surface pressure measurements, boundary-layer Mach number profiles and bleed
rates. In addition, the wall and edge conditions are given for each boundary-layer
profile.

Table III presents for each reading number a summary of the test conditions,
the ratio of bleed mass flow to total inlet mass flow and the bleed plenum pressure
for each bleed system. In addition, for each probe the wall temperature and
boundary-layer edge Mach number, total temperature, and total pressure are given.

The ratio of surface static pressure to free-stream total pressure along the cowl .

and centerbody for the 2.6:{106

pér meter Reynolds number conditions is shown in
figures 6 to 10. The pressure ratios are shown for each bleed configuration with the-
inlet operating with the terminal shock at three axial locations, where A, B, and C
denote progressively downstream positions. In general, the cowl pressures indicate

that for operation at mode A the terminal shock pressure rise reached the oblique



impingment point on the cowl. For operation at modes B and C the cowl pressures
show the initial oblique shock pressure increase followed by a short expansion

and the terminal shock pressure rise. The expansion was associated with the con-
centrated bleed in these regions. The centerbody static-pressure plots also show

an expansion coinciding with the bleed regions. The expansion was most pronounced
for the high bleed flows of the DS III configuration.

The boundary-layer Mach number profiles for the 2. 7x106 per meter Reynolds
mimber conditions are presented in figures 11 to 16. The profiles on either side of
the first centerbody shock interaction are given for only one bleed configuration,
(US) because the change in bleed did not have any effect on this forward center-
body interaction. The profiles at probe station 1 show the boundary layer was
seperated at the first shock interaction region on the centerbody. This would
indicate that the boundary layer was still laminar approaching the shock inter-
action region. However, the flow had become reattached at probe station 2. This
was the case for all bleed configurations at this Reynolds number. For peak-
recovery operation at mode A where the tern.inal shock was furthest forward, the
boundary layers were distorted in the vicinity of the terminal shock. This is most
noticeable from the profiles for this case at probe 3 on the centerbody.

The ratio of surface static to free-steam total pressure for the 8.2x106 per meter
Reynolds number condition is given in figures 17 to 21. The results are similar to
those discussed previously for the lower Reynolds number. In figures 22 to 27 the
Mach number profiles are presented for the five bleed configurations at a Reynolds
number of 8 .2x106 per meter. Figure 22 shows that at this Reynolds number the
initial centerbody shock impingement did not separate the boundary layer as was the
case for the lower Reynolds number. Mode A again produced distorted profiles in
the region of the terminal shock interactions. In addition, a definite separation re-
gion occurred in the vicinity of the second centerbody interaction. These separa-
tions could result from back flow through the forward centerbody bleed for bleed
configurations where large amounts of aft bleed caused high plenum pressures. This
‘is shown in table III, where for mode A operation centerbody bleed plenum pressures
are recorded equal to that of the static pressure on the forward centerbody bleed re-
gions.



SUMMARY OF RESULTS

An investigation was conducted to obtain detailed measurements of the boundary-
layer flow in an axisymmetric, mixed-compression inlet designed for Mach 2.5. The
inlet had 40 percent external compression provided by a 12.5° half-angle cone. An
inlet bleed system was used for boundary-layer control. The effect of the bleed
location and bleed amount on the boundary layer was determined for the inlet oper-

6 pef'

ating at two free-stream unit Reynolds numbers, 8.2}:106 per meter and 2.7x10
meter. Surface static pressure measurements were made along the inlet surfaces

and pitot pressure surveys were made through the boundary layers. From these
measurements the following results were obtained:

1. The boundary-layer profiles were distorted in the vicinity of the terminal
shock.

2. Boundary-layer surveys showed that for the 2. 7x106 per meter Reynolds
number case the boundary layer was apparently laminar and separated at the first
centerbody shock-impingement point. The boundary layer became reattached a
short distance downstream of the interaction.

3. Large bleed rates in the aft portion of the centerbody bleed region produced
reverse flow through the forward bleed holes resulting in a separated boundary layer.

4. In addition to locating the shocks, the static-pressure measurements in-

~ dicated regions of expansion coinciding with the bleed regions.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, June 21, 1973,
501-24.
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TABLE III. - BOUNDARY LAYER WALL, EDGE, AND BLEED CONDITIONS

Reading | Reynolds | Bleed| Mode Bleed mass-flow ratio, Plenum static pressure, Probe Boundary-layer edge Wall
R number mb/mb Py N/m? b perature,

per meter, Mach Total Total ty
Re/m Cowl Centerbody Cowl Centerbody number, | pressure, | temperature, K

M, Pg, Teor

Forward | Aft Forward | Aft N/mz X
1T 2.7x10° | Us A | 3402516 034382 | 0405457 1894.8 18167 749043 Py 2,09 | 26506.5 302.9 292.9
0.02516 001182 | 0.05457 1894.8 | 181647 749043 2 Led5 2551544 302.9 292.0
Ueli29106 001182 | Us0H45T7 1a94.8 | 131647 7490.3 3 1+10 261925 3029 293.3
0402510 601182 | 0405457 189408 | 181647 749043 4 0.83 | 25237.7 3029 297.17
002516 U=0L182 | 0405457 189448 | 1816.7 74903 5 149 260133 302.9 292+4
Ue02516 0401182 | 005457 1694e8 | 181647 749043 6 0.81 2623341 30249 296+4
V025106 0e01182 | 005457 1894.8 | 131647 749043 7 084 | 259942 30249 297.9
51 B | 002290 0.01090 | 0.04131 1677+5 | 183304 583547 1 2.08 | 26204.9 299.8 299.8
002290 UeOLOYY | 0e0413L 1677.5 |1833.4 5835a7 2 157 266454 299.8 29041
0002290 2401090 | 0434131 1677.5 {18334 583547 3 Lot 25199.4 299.8 291.2
0402290 0001090 |0.04131 16775 [1833.4 583507 4 0.90 25055.7 299.8 295.6
0202290 0.01L090 | 0eD413L 16775 | 183344 583547 H 1449 2556801 299.8 290e2
302290 0e01090 | De0413L 16775 | 183304 583547 6 0.88 2602249 299.8 29442
0eC2290 0.01090 | 0.04131 16775 {18334 583547 7 0.91 25663.8 299.8 295.1
52 c 0402330 0.00650 | 0.03667 171648 | 187247 498640 1 2.09 | 2655404 3007 29042
0602330 V+0008J | 223667 1716.8 |1872.7 4986.0 2 1e62 26937.4 300.7 289.7
002330 U.0068U | 0.03067 171648 | 187207 49864.0 3 1.24 2628643 30047 291.3
0402330 0.00680 | 0.03667 ‘171648 |1872.7 498640 4 0.95 2525240 300.7 295.3
0¢0233) 000680 | 2.03667 171648 |1872.7 498640 [ 1+48 2586001 30047 289.9
0402330 0.00680 | 0.03667 171608 [1872.7 498640 6 0.90 | 26133.0 300.7 293.5
0402330 0200640 | 0.03667 1706e8 [1872.7 49860 1 0096 2578843 30047 2940
81 As A ]| 3002434 001998 | 0.J6636 184444 [210643 8037.8 3 1409 25778.7 299.7 291.2
0402434 U.0L998 | 0.06630 1844e4 1210643 8037+3 3 0+81 2519446 299.17 295.7
Ue02434 001598 | 0.06636 18444 [210603 8037.8 5 le43 | 24883.4 299.7 2894
0002434 V01998 | 0.066306 184444 [212643 8037.8 6 0.81 26645+4 299.7 29346
0402434 0.01998 | 0.06636 184444 |2106.3 8037.8 7 080 2575946 299.7 29544
84 B | @.01820 0.01793 | 0.0462% 134303 [1971.1 5779.5 3 1.19 25577.6 30047 291.8
0201826 J.01793 | 0.04624 1343+3 [1971.1 5779.5 4 1.02 26008+6 300.7 29546
0401826 001793 | 0.04624 134343 [2971e1 577945 5 1.45 | 25060.5 300.7 290.2
0e0i820 0401793 | 0.04624 1343.3 {1971.1 5779.5 6 0.92 | 25912.8 30047 2933
Je01lB26 Je01T793 | 0.04624 1343¢3 {1971.1 577945 7 Ge 9% 2585543 300.7 294.5
83 C | 6.018138 0401167 | 0.04252 1313.2 |1705.9 532042 3 1.19 | 25381.3 30245 293.4
Ue0lu1d 0o01107 | 0.04252 13132 [1705.9 532042 4 1.09 | 2596007 30245 296.7
3+01818 De0L167 | 0404252 1313.2 [1705.9 5323.2 5 1.45 | 25290.3 30245 291.2
001818 001167 | 004252 1313ec [1705.9 532042 6 0.96 | 26051.6 30245 29442
U.0l81s 0.0L167 | 0.04252 131302 |170549 532002 1 0.98 25817.0 30245 295.2
17 DS A | 0.01724 2401825 | 0.06859 1321e3 |1834.8 655140 3 1.99 | 25323.9 303.7 29402
0401724 0401825 | 0.06859 1021e3 {1834.8 655140 4 0.81 | 24768.5 303.7 297.9
0401724 VeC1825 | 0.06859 1021¢3 |1834.8 65510 5 1e48 2572601 3037 29201
0+01724 0401825 ]| 0.06859 1021e3 [1834.8 655100 6 3482 2548607 303.7 29546
0401724 0eGLB25 | 0.06859 1021e3 [1834.4 655140 7 0.84 2566348 303.7 296.8
2 B | 001697 0.01394 | 003762 1119.2 [1801+2 489643 3 1.00 | 20698.6 30042 290.8
0401697 [Je01394 | 3203762 1119.2 [1801.2 489643 % 0497 26616.6 30042 29444
0401697 (001394 | 003762 111942 |1801.2 489643 5 1.47 | 26626.2 300.2 289.6
UeBAOST |0eUL394 | 003762 1119.2 [1801.2 489643 6 1.00 | 27128.9 30042 292.1
001657 |0e00394 | 003762 1119.2 |1801.2 489643 7 0.97 | 2732245 39002 293.3
15 C | 0.01383 (001225 | 0.03853 93348 |4589.6 469343 3 1e18 2513741 30345 293.4
001383 [0.01225 | 003853 933.8 |1589.6 469343 4 0.99 25802.7 30345 29T.1
0e01383 [0+01225]0.03853 93348 |1589.6 469343 5 1448 2575%.8 33345 2915
y 0.01383 (001225} 0.03853 933.8 |1589.06 469303 6 1.00 | 20468.2 303.5 29443
001383 [0+01225 | 0.03853 933.8 |1589.6 469343 7 0.98 26367.7 30345 29546
30 DSI A | 8402073 0. 04499 1228.3 5691+6 3 1.8 26337.3 2992 290.1
0.02073 {0+ 0404499 122843 56916 & 0081 2519446 299.2 294.4
0402073 |0e 0404499 122843 56916 5 1e49 256734 2992 287.9
0.02073 0. 004499 122843 56916 6 Je82 2633849 299 .2 29008
0402073 |0 0404499 122843 56916 7 0+85 26410.7 299.2 29249
31 B | 9.00417 Jue 0.02988 93343 418643 3 1.17 20099.5 30242 292.2
QeGl4l7 |0 0.02988 93343 418643 4 0.93 | 258170 33242 296.2
V.01417 |0 0.02988 933.3 418603 5 147 25931.9 30262 290.3
0e01417 |0. 0002988 9333 418643 6 0.94 266251 302.2 29244
000417 |ue 0.02988 93343 418643 7 094 2641067 302.2 294.0
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TABLE IH, - Continued,

Reading| Reynolds | Bleed|Mode Bleed mass-flow ratio, Plenum static pressure, Probe Boundary-layer edge wall
number my /m, Py N/m? b temperature,
per meter, Mach Total Total t
Re/m Cowl Centerbody Cowl Centerbody number, | pressure, | temperature, K
M P, T,
e e e
Forward | Aft Forward | Aft N/ m2 K
.32 2.7x10% | DSI C | U.G1385 |u. 0403029 949.6 41175 3 1e16 | 25654.2 305.0 295.1
0s 0L 385 | Jo 033029 949.6 4L17.5 “ 0e96 | 26367.7 30540 298.8
0001365 | Os 0403029 94946 4111745 5 1447 | 26008.6 30540 293.3
0.01385 |ue 0.03029 949.6 4L1Te5 6 091 25663.8 305.0 29543
0+02385 | 2 040302y 949.6 4117.5 7 0e96 | 2701440 305.0 29646
118 DSITI| A |g,03887 |0.05371 | 0.08440 2082+1 | 511607 991240 3 1.22 | 25668.6 30144 292.6
0.03867 [U.U5371 | 0.08446 2682e1 | 511647 991240 4 0.82 | 25970.2 30104 297.3
V.03867 | 0695371 | 0.08440 268241 | 511647 991240 5 1445 2405540 3014 291.1
0.03887 | 0e05371 | D.0B446 26821 | 5116.7 991240 6 0.72 | 25252.0 30104 29543
0.03887 | us05371 | 0.08046 2682+1 | S1l6.7 9912.0 7 0482 | 26228.8 30144 297.7
108 B | 0403452 | 3439127 | 006825 23316 | 52572 79617 3 1.28 2496448 300 .4 291.2
0603492 [ 005127 | 0.06805 2331.6 | 5057.2 79617 4 0.91 | 24782.8 30044 29444
0.03452 | 0.05127 | G.0680> 2331.6 | 5057.2 796147 5 1e45 | 24696.06 300.4 29043
003452 | 0405127 | 0.06835 233106 | 535742 196147 6 1003 2482549 30044 29443
0.C3452 1 0.05L¢7 | 0406805 2331.6 | 5057.2 19617 7 0.90 | 26228.8 3004 296.4
109 C | beudsio | 0.01598 | 0.04567 2283.2 | 201345 54815 3 125 2553943 302.3 292.2
0603410 [ 0¢21998 | 0.04967 22B3e2 | 227305 548145 4 1el6 | 25711.7 30243 29448
0403410 |.0.01993 | 0.04967 2283.2 | 207345 548145 5 le43 | 24462.0 302.3 29142
0403420 | Ge01998 | C.04907 2233.2 | 2073.5 548145 6 106 | 24509.9 302.3 294.8
0403410 | 0431998 | 0404967 22832 | 217345 548145 7 1e13 | 25753.0 37243 295.9
62 8.2x10% | US A 10.02234 | veC1215 | 0.05758 5009.5 | 5480.7 [ 2413642 1 2.16 | 87486.8 312.9 300.3
Qef2234 | DeUL21 | 0.C5T58 5669.5 | 548607 | 2413642 2 lev9 | 83062.7 312.9 301.8
0402234 | 0201215 | 3.25155 5609+5 | 5486.7 | 2413642 3 1«16 | 78767.8 31249 304.7
Ue0d234 | Qelllid 005758 56695 548647 2413642 4 0.83 85653.0 312.9 310.7
Uel2234 | V01215 | 005758 5669.5 | 5486.7 | 24136.2 s Le67 8687349 31249 3019
0002234 | 0401215 | 2.25754 5669+5 | 548647 | 24130.2 6 7481 8546105 31249 33747
V02234 | Ds0LLLS | 0.05758 566945 | 5486.7 | 24136.2 7 0.78 8201401 312.9 309.5
73 B 0402137 | Ce01C09 | 0203624 5155+2 | 565046 | 13905.8 1 2416 8737446 312.7 299.4
0402137 | 0.01069 | 0+33624 51552 [565J+6 | 13905.s 2 165 887377 312.7 32046
0402137 | 0.UL009 | 0403624 515542 | 565046 | 13905.8 3 1+51 8385247 312.7 30149
0402137 | CoUL06Y | 0403624 5155e2 | 565046 | 13905.8 4 0496 8271046 3127 302+4
002137 | 601609 | 0403624 515542 |565)e6 | 13905.8 s 1.68 87778.9 312.7 30146
0602447 | €e01C69 | 0.03624 515502 | 5650.6 | 13905.8 6 0.95 | 85241.2 312.7 3069
0.02137 | C.01C69 | D.U30624 51552 | 565046 | 139058 7 0.98 8772144 312.7 307.8
64 C Ju.02130 | Co00656 | 0.03139 5131e1 | 615Je1 12449 +6 1 2416 87467.6 3129 29943
0.02130 | V.U0E26 | 0.03139 S13i.1 | 6150s1 1244946 2 Le6% | 8794107 312.9 300.4
0e02130 | 0e0U656 | 003139 5131e1 | 615061 1264946 3 1e51 83407+4 312.9 301.9
0.02130 | C+000656 | 003139 5131e4 | 6150¢L | 12449406 4 0098 82401+9 312.9 3979
0402130 | Ce00056 | 0403139 5131e1 | 615001 1244946 5 Le67 86720.7 312.9 301.4
0.02130 | 0. 00650 | V03139 5131e1 |.615041 12449.6 6 0496 848677 3129 307.2
0.0213u {00006 | 0.03139 5131el | 615Je1 1244946 7 2.99 86591e4 312.9 337.2
93 AS A 1 u.0¢524 | Ce02046 | 0406948 628l.6 [6229.4 | 2668940 3 is19 | 8557i.6 31301 305.3
0402524 | 0402046 | 0.06943 6281.6 |6229.4 | 20689.0 4 081 8572448 3131 310+5
0.02924 | G+02046 | 0406943 62816 | 6229.4 | 26689.3 5 1e48 8546642 31341 372.1
0.02524 | C.02046 | 006948 6281:6 | 6229.4 | 2068940 6 0.84 88291.2 313.1 307.6
0.025¢24 | 0002046 | 006948 6261+6 | 622944 | 206890 7 0.79 8699346 3131 310.1
94 B [0.01756 |0.01870 | 0.G3863 436303 | 566944 15387.5 3 1+48 815496 31441 373.1
0401796 |0+01870 | 0.03808 4363¢3 | 5669.4 | 15387.5 4 0499 8655341 3141 30804
0.0L7%6 |0.u1870 | 0.03868 4363+3 | 5669.4 1538745 5 le67 8584044 314.1 30244
Us011%6 |U.01870 | 0.0386s 4363.3 | 5069.4 | 15387.5 6 1e17 8644340 3141 33649
0401796 |0+01870 | 0.03868 436343 | 5669.4 | 15387.5 7 0.95 8743441 31401 309.0
95 C | 0.C17%4 |U.01457 | 0.03292 4349.2 | 526208 | L2408.4 3 l.48 | 81343.8 313.7 30243
001794 | 001457 | 0.03292 434902 |5262.8 12468¢4 4 lel) 8)75)e) 313.7 32643
Dadl794 | 0401457 | 0.0329¢ 434902 |9¢62.8 | 1240804 5 1e67 8684004 313.7 301.8
0.01794 | 0401457 | 0.03292 4369.2 | 5202.8 | 12408.4 6 Lel8 86620.2 313.7 305.8
DaULT94 {0.0L457 | 003292 4349.2 |5262.8 | 12468.4 7 124 8746746 313.7 3373
21 DS A 10402342 |0.J1970 | 0.06940 484205 | 6288.4 | 25266.3 3 1e19 8679245 313.5 305.4
Veld2342 | 0aul%70 | Deuvb946 484245 62884 25260643 4 076 84949.1 313.5 3116
0e02342 | 0019706 | 006946 4842e5 | 628844 25266.3 5 1.32 7715442 31345 302.7
0402342 |VeV19T0 | 0.06940 4842+5 |o0288.4 | 25266.3 6 0.81 87118.1 313.5 307.4
0402342 | Gs 01976 | 2.06946 4B42.5 | 628844 | 2526643 7 .82 88233.7 313.5 31001
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TABLE III. - Concluded,

Reading{ Reynolds | Bleed | Mode Bleed mass-flow ratio, Plenum static pressure, Probe Boundary-layer edge wall
number m, /m, p,, N/m? number temperature,
per meter, Mach Total Total ty
Re/m Cowl Centerbody Cowl Centerbody number, | pressure, | temperature, K
M P T
TWar t e e’, e’
Forward | Af Forward | Aft N/mz K
2z 8.2,(105 DS B | 0.01560 | 0e0L776| 0.03570 338301 59370 | L3743.7 3 Le48 819614 313.9 302.8
0.01560 | VeULTIT6} 0.03570 3383.1 $537.0| 13743.7 4 0.95 |83905.3 313.9 309.3
0401560 | 0e01776] 0+03576 338301 5537-0 ] 13743.7 5 166 | 86869.1 313.9 391.9
0eC1560 | 0.0L776| 0.03570 33831 5537.0] 13743.7 6 le16 | 85911e5 313.9 306.2
001560 | 001776 0.03576 338301 55370 | 13743.7 7 0495 8751545 313.9 308.5
23 C ]0.01550 | 0.01188)| 0.02953 342005 483845 | 11555.2 3 148 8203302 315.2 333.7
0e0155) | 0e0L158] 0.02953 34205 4838.5] 1155542 4 1405 8416847 315.2 281.6
0401550 | ve01168]| 0.02952 342045 48385 | 11555.2 5 1.65 85911.5 315.2 303.3
Ue01550 | 0401188 0402953 | 342045 48385 11555.2 6 117 86055.2 315.2 337.1
Ve01550 | V.04 188 0.02953 | 3420e5 483845 | 1155542 7 1.01 8737647 315.2 308.8
40 DSI A | 0.uzase | 0. 0405419 467247 19943.9 3 1-18 86261e1 3141 305.4
0402436 | Oe 0405419 4972.7 19943.9 ‘4 076 8528443 314.1 311.7
0+02436 | Q. 0405419 4972.7 19943.9 5 1.28 76637+1 3l4.1 302.6
002436 | Ce 0405419 46727 19943.9 6 0.80 863999 314.1 30616
0402436 | Qo 0e05419 2972.7 19943.9 7 0080 882354 314.1 329.6
41 B | 0.01929 | 0. 0.02123 3437.6 9597.0 3 1.48 8206647 31446 303.1
0.01529 | O« 0002123 3437.6 9597.0 4 093 8368541 31446 309.7
0.01529 | 0. 0.02123 3427.6 95970 5 1+65 86369.5 314.6 30242
0e01529 | 0. 0402123 3437.6 95970 6 1.17 85720.0 31446 3054
0.01529 | Q. 0402123 3437.6 9597.0 7 0.96 87352.7 31446 307.8
37 C | ue01229 | 0. 002074 342102 9341e3 3 1.48 8274646 3133 301.7
0001529 | 0. 0.0207% 3421.2 93413 4 0.97 84317.1 313.3 307.9
0e01929 | s V02074 342142 934443 5 Leb4 8629446 313.3 3013
001529 | 0o 002074 3421.2 934103 6 1.17 8599249 313.3 304.2
0401929 | 0. 002074 3421.2 - 93413 7 0+98 8743401 313.3 30642
119 DSIII A 10403733 | ue05455] 0.08689 9054+5 |20555+8 | 3335440 3 1.20 83369.1 31442 305.8
DeU3733 | 005455] 0406689 | 905405 |[20355.58 | 3335440 4 0489 8558549 3142 311.3
0403733 | 0.05455| 0.08689 | 9054.5 |2035%.8 | 3335440 5 le61 84235.7 31442 303.6
Ue03733 | 0.05455] 0008689 | 905445 |20355.8 | 3335440 6 0.67 8546145 3142 30849
003733 | U.05455]| 0.08689 | 90545 120355.8 | 333540 7 JeBl 86605.8 31442 311.8
123 B | 0403367 | 0405099 0.06580 75218 |18942.9 ] 24054.1 3 1.47 81817.8 314.5 30442
04C3367 | Ueu5(99]| 0.06580 7521+8 |18942.9 | 2405441 4 103 8493040 31445 308.0
0+03367 |.0.u5(99] 0006580 752448 [18942.9 | 2405441 ] Le65 8575345 31445 30344
0403367 | V.05C%9| 0.06580 752148 [18942.9 | 2405441 6 1.08 B8L8%%04 31445 308.9
I | 0.03367 | veo50s9| 0.06580 15218 |1894249 | 2405401 7 2493. | 85945+ 31445 311.2
120 C | 0203357 | 0e04769| 0.05556 7558+3 |1227849 | 15863.8 3 le48 820811 3144 30401
0403357 | 0403769 | 0.055% | 75583 [12278.9 | 19803.8 4 1.17 8552845 3144 307.7
Ue03357 | D.C3l0v]| 0.05556 7558+3 1227849 | 15663.3 5 1465 8575345 31444 3)3.6
Q0003357 | 0e03709]| 04055490 55803 [1227849 | 198638 6 1.08 8199449 31444 309.0
UeD3357 | Ve 03T69) We055506 755843 |12278.9 | 19863.8 7 1.21 85418+ 4 314 .4 310.6
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Ch-10448-01

Figure 1. - Mach 2,5 mixed-compression inlet model installed in 10- by 10- Foot Supersonic Wind
Tunnel test section.

Mach number, M

Static pressure ratio

12
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(a) Cowl flow conditions.

Centerbody Mach number

Centerbody pressure ratio

I

.8 1.2 L6 2.0 2.4 2.8 3.2 3.6
Axial distance, xR

{b) Centerbody flow conditions.

Figure 2. - Theoretical flow conditions.
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(a) 1 sometric view of infet,

Performance bleed: jvortex Overboard Secondar
Cowl ————_ / generators bypass/7 bypass 7y
Centerbody~, N> /

Y\ \\?\\ /

N\
Y

____________ L

S SO S SR BES NE
- Cowl bleed Centerbody
exits bleed exits

CD-9063-01

L,__—

(b) Cross-section details of inlet,
Figure 3, - Inlet model details,
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{c) Location of inlet bleed regions.
Figure 3. - Concluded.
Config- Cowl bleed Centerbody bleed
uration
Forward Aft
us [eJelelelolel I T T 17 ] oe €e OoCe00®® O ¢ O o °
AS 008000000000 oe oe 00000060
DS ©09600000800 oe oe ©0800030
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Figure 4. - Locations of inlet porous bleed configurations.
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Cowl in reference
XR¢= 2,009

N

A\

Probe 5
survey station;
xR, =3.113,
a=

%o

Probe 6 Probe 7

survey station; survey station;
XIR.= 3,339,
o=

XIRc= 3.553,

50,59 a= -9 50

\ l €D-11528-01
Probe 2
survey station; Probe 3 Probe 4
Probe 1 xR = 3.027, survey station; survey station;
survey station; a=-15 xR, =329, xR, = 3543,
! xR, = 2738, =20 =20 !
Reference; a= 50 Reference;
XIR. = 2,600 xR, = 3.800

{a) Location of boundary-layer probes.

Tubing | Qutside
diameter
A 0,102
B . 163
C .29
]
0.096
| l 0.010
0.020 (( )) ,
f Viewed from upstream
r Solder fairings -
/
Aq ! /
i
T_ B P}
L7 l‘l. 5 ’1 C—
i
:\ Nl
Side view
(b} Details of boundary-layer probe, (Dimensions
incm,)
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Axial distance, xIRC; angular locations of probes measured clockwise from bottom vertical centerline looking downstream.

C-10-1159

{c) Boundary layer survey instrumentation.

Figure 5, - Inlet mo\del instrumentation,



Ratio of surface static to free-stream total pressure, pIPO

Ratio of surface static to free-stream total pressure, p/P0

8r .
Reading Mode

e 77 A
6 a4 51 B

e 2 c
AF
2F
0 1 1.  \ 4 i ]

(a) Cowl.
8¢
6F
AP
2F
0 Il i i L 1 )
2.6 2.8 3.0 3.2 3.4 3.6 3.8
Axial distance from cone tip, xIR¢
(b) Centerbody.

Figure 6. - Static-pressure distribution for configuration US. Reynolds
number per meter, 2.7x108.

.8r
Reading Mode
e 381 A
.6r A 84 B
¢ 83 c
.Ar
2r
1
G A i L L 'l J-
{a) Cowl.
.8r
.6F
AR
2r
0 i I i i I ]
2.6 2.8 3.0 3.2 3.4 3.6 3.8
Axial distance from cone tip, x/R
(b} Centerbody.

Figure 7. - Static-pressure distribution for configuration AS. Reynolds
number per meter, 2. 7x106, :
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Ratio of surface static to free-stream total pressure, p/PO

Ratio of surface static to free-stream total bressure, p/P,

.61
Ar
.2r

Reading Mode
o

17 A
.6F a 2 B
15 C
Ar
.2r

G ' i A - - i )

(a) Cowl.

.or
Ar
.2r

0 i A i
2.6 2.8 3.0 3.2 3.4 3.6 3.8
Axial distance from cone tip, x/R.
(b) Centerbody.

Figure 8. - Static-pressure distribution for configuration DS. Reynolds
number per meter, 2,7x105.

Reading Mode
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: 4 31 B
e R C

Ar
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0 i 1 1 'y i 2

{a) Cowl.

0 i i L 5 ]
2.6 2.8 3.0 3.2 3.4 3.6 3.8
Axial distance from cone tip, xIRC
(b) Centerbody.

Figure 9. - Static-pressure distribution for configuration DS L
Reynolds number per meter, 2. 7x106 m.



Distance normal to surface, y, cm
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2.6 2.8 3.0 3.2 3.4 3.6 3.8
Axial distance from cone tip, x/R.
(b} Centerbody.

Figure 10. - Static-pressure distribution for configuration DS IIL
Reynolds number per meter, 2. 7x106,

Reading Mode
L | e 77 A
4 5l B
* 52 c

.2 A4 .6 .8 1.0 1.2 0 .2 4 .6 .8 Lo 1.2
Mach number ratio, MIMe

(a) Probe 1. (b) Probe 2.

Figure 11. - Boundary-layer profiles for all bleed configurations. Reynolds number per meter, 2. 7x106,
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Ratio of surface static to free-stream total pressure, pIPO

Ratio of surface static to free-stream total pressure, pf P()

Reading Mode

oF e 62 A
: A 73 B

e 6 C
LA
2F
0 L 1 Y 2 i 3

(a) Cowl.
.8r
L6F
AF
.2F
0 1 4 ' A 2 'y
2.6 2.8 3.0 3.2 - 3.4 3.6 3.8
Axial distance from cone tip, xIR;
(b)-Centerbody.

Figure 17. - Static-pressure distribution for configuration US. Reynolds
number per meter, 8.2x106.
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Axial distance from cone tip, IR
(b} Centerbody.

Figure 18. - Static-pressure distribution for configuration AS. - Reynolds
number per meter, 8.2x106.. : BT
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Ratio of surface static to free-stream total pressure, p/PO

Axial distance from cone tip, x/R.
(b) Centerbody.

Figure 19. - Static-pressure distribution for configuration DS. Reynolds
number per meter, 8.2x100,
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Figure 20. - Static-pressure distribution for configuration DS 1.
Reynolds number per meter, 8. 2x108,



Distance normal to surface, y, cm
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Figure 21 - Static-pressure distribution for configuration DS IIL.
Reynolds number per meter, 8.2x106,
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Figure 2%. - Boundary-layer profiles for all bieed configurations. Reynolds number per meter,
8.2x100,

27



901X2 '8 “J9)auw Jad sequinu spjoukay  “Sn uoneunbyued Joj sajyold sahel-Liepunog - ‘¢z 8nbig

*J 8qod (a) ‘9 80.g (p) "¢ agoud (9)
SWJw ‘soned Jsquinu e

8’ 9’ 1 8" 9° A 9- 0
- N .
e
490°
-t w .
40°1
421

'y 8qoid (4) '¢ 8g04d (B)
v 0

4 N
dp
o~
g

J 9 @

| ¢ v

v N e 101

apow Buypeay

421

wo ‘A “99eJANS 0] jRULIOU BIUEYSIQ

28



P01%2'8 “38)ou Jad JaquINU SPlouAY  "S uof)eanbiju0d 1oj s3)1j0.d Jake|-Aiepunog - “yg 84nbid

*1 8qo.d (8) "9 8qodd (P) 'G 840.Ad (2) -
S ‘soned Jaquinu ey ‘ . . . .
21 01 8" 9° A ra 0 271 01 8" 9’ 72 ¢’ 0 21 01 8 9 % Z . 0
1 L T v — T T
- . .I. N-
- - Iv-
i ] do-
J ] ds
<
1 1 401 2
241
3
f ; p # L . N:_.. w
"7 80044 (Q) '¢ 840.d (B) w,
i c
T T Wﬁ
. ] L =
O
3
. Jp°
4 J49°
4 48°
J g6 & 1
a ve v .
v ¢ @ b -0°T
apow Buipeay
J 4 421




"L 8G04d (8}

901%278 “jajaw 43d Jagwnu Spjoukey "SQ uojeanbljued Joj sajioad Jahej-Aiepunog - ‘62 ainbi4
g 8qo4d (9}

"9 9Go.d (P)

SWW ‘SoneJ JaguIny yoB
01 8 9 ¥

7z

J
g
v

€
[44
114

apoy buipesy

® 490

" 84044 (0)

£ 8004d (®)

1
o
—

—
o~
-

-
Ly}

]
o~

wo ‘A ‘anejans o} jewdou saubisig

30



.%c& ' “4a)ew Jad saquinu spjouksy °1SQ uoneInByuod Joj sajijoid Jakej-Aiepunog - 9z 3nbid
'q 3Q0.d (9)

"L 3qodd (3) 9 8qodd (p)

/W ‘sones Jaquiny yoew
A 01 8" 9- r A 0

7.840.d (q)

2 I o
g w v
v oW e

apow buipeay

¢ 8Go.d (e}

v

‘A “39e4Ins 0} [RWLIOU B2UB)SIQ

wo

31



901X2 '8 “Jayaw Jad Jsquinu sploukay “TII SA uopeinbiuod o) sa)1oad Jafej-Adepunog - /2 aunbi4

"L 8Q04d (3} "9 8godd (p) ‘6 8G0Jd (3}

3 021
g9 €l
v 611

apoy Buipeay

SWW ‘Soned 48qUINY YdeW

21 0’1 8’ 9 v A 0 <1 01 8’ 9° 7 ¢ 0
f 7 4 r T
p 42
4 4%
- <40
4
‘ .
- 48
. 4071
| i 421
'y 8404d (q) ¢ 940.Jd (B)
T F L] .o
42
ERA
49
- 7 w.
L 2
‘ -
® - 4071
L
- 421

‘32e1INS 0} |BUWIOU 32UB)SIQ

‘A

wo

E-7380

1

NASA-Langley, 1973
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